Introduction
Persistent and pervasive racial/ethnic differences in health are a major public health concern (Institute of Medicine US Commitee on the Review and Assessment of the NIH's Strategic Research Plan and Budget to Reduce and Ultimately Eliminate Health Disparities et al., 2006; Kelley et al., 2005; Smedley et al., 2003) . Racial/ethnic differences in the prevalence of cardiovascular disease (CVD) risk factors and incidence of and mortality due to cardiovascular diseases have been well documented, with blacks disproportionately burdened by adverse outcomes (Go et al., 2014; Mensah et al., 2005) . Underlying causes of these differences remain poorly understood, but are most likely generated by multifactorial and multilevel causes that occur over the life-course. Much of the extant literature has focused on individuallevel risk factors as explanations for racial/ethnic disparities (genetic, biological, socioeconomic, and psychosocial) (Kramer et al., 2004; Mensah and Dunbar, 2006; Safford et al., 2012) . However, more attention has recently been placed on contextual factors such as neighborhood environments.
The increased interest in the intersection of race/ethnicity, neighborhood, and health has emerged in part from the increasing interest in the effects of neighborhoods on health generally. Studies have shown that living in socioeconomically disadvantaged neighborhoods is associated with increased morbidity and mortality, independent of individual-level factors (Borrell et al., 2004; Pickett and Pearl, 2001; Truong and Ma, 2006) , and some of the most consistent evidence is from the area of cardiovascular disease (CVD) outcomes. (Borrell et al., 2004; Chaix, 2009; Diez Roux, 2003; Morenoff et al., 2007; Mujahid et al., 2011; Pickett and Pearl, 2001 ). In the area of CVD, studies have also shown that living in neighborhoods with poor physical environments (e.g. more unhealthy foods on average and fewer opportunities for physical activity) and social environments (e.g. less safety and social cohesion) are associated with increased risk of CVD risk factors such as obesity, diabetes, and hypertension, and fatal and non-fatal CVD (Christine et al., 2015; Diez Roux et al., 2016; Kaiser et al., 2016; Kershaw et al., 2015) . Studies have also documented that blacks and other racial/ethnic minorities disproportionately reside in neighborhoods that are socioeconomically disadvantaged, and have poor access to health promoting resources. Combined, the aforementioned supports the hypothesis that neighborhood environments may be one underlying cause of racial/ethnic disparities in health. However, there is little empiric investigation explicitly testing this notion (Do et al., 2007; Dubowitz et al., 2008b; Morenoff et al., 2007; Mujahid et al., 2011; Robert and Reither, 2004) .
Studies that have empirically investigated the contribution of neighborhood environments to racial/ethnic differences in health have most consistently examined estimates of differences before and after adjustment for neighborhood environments in a multivariable regression model without an explicit discussion of the major challenges and limitations in this approach (Do et al., 2007; Dubowitz et al., 2008b; Mujahid et al., 2011; Robert and Reither, 2004) . These challenges include how best to: deal with the non-independence of observations within neighborhoods (Hubbard et al., 2010; Subramanian and O'Malley, 2010) , account for the neighborhood context when all relevant factors may not be measured in a given study, and account for insufficient within-neighborhood sample size and variation in exposures and outcomes. A recent review by Schempf et al. (Schempf and Kaufman, 2012) provides an in-depth discussion of these issues, a comparison of analytic approaches that may address these issues, and compares the strengths and limitations of each analytic approach. Studies providing similar comparisons across analytic approaches remain scarce in the literature. Schempf and Kaufman, 2012) .
Given the increased attention to and importance of primordial prevention, as underscored by the recent American Heart Association 2020 Strategic Impact Goals to reduce cardiovascular mortality by 20% and increase ideal cardiovascular health by 20% (Lloyd-Jones et al., 2010) , exploring the contribution of neighborhood environments to racial/ethnic differences in CVD risk in a multi-ethnic study is timely (Havranek et al., 2015) . Thus, the overall goal of this study was to determine if cross-sectional racial/ethnic differences in ideal cardiovascular health (CVH) indicators were reduced after adjustment for neighborhood environments, and if results were robust to statistical methods of neighborhood adjustment.
Methods

Study population
MESA is a prospective study of 6,814 adults of diverse racial/ethnic backgrounds (self-identified race/ethnicity as non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic Chinese) from six study sites (Los Angeles County, California; Chicago, Illinois; Baltimore City and County, Maryland; St. Paul, Minnesota; Forsyth County, North Carolina; New York City, New York) (Bild et al., 2002) . Study participants were 45-84 years of age and free from clinical cardiovascular disease at baseline (August 2000 to July 2002). A detailed description of the study recruitment procedures and methods has been previously described (Bild et al., 2002) .
Our cross-sectional analyses are restricted to the MESA participants who provided consent to participate in the ancillary MESA Neighborhood Study (N=6191). Institutional review board approval was received at each of the MESA study sites.
Study variables
Study outcomes
We examined seven indicators of ideal CVH as defined by the American Heart Association 2020 Impact Goals (Lloyd-Jones et al., 2010) using either study questionnaire or clinical examination at baseline (2000) (2001) (2002) . Each indicator was categorized as poor, intermediate, and ideal based on established criteria and are defined in Table 1 ( Lloyd-Jones et al., 2010) . Cholesterol and fasting blood glucose were measured from a 75 mL fasting blood sample obtained at the baseline clinical examination. Blood pressure (BP) was measured as the average of the second and third readings after five minutes resting in a seated position. BMI was assessed using measurements of height and weight obtained during clinical examination (BMI=height, m/weight, kg 2 ). Smoking was based on self-reported data from study questionnaires and combined questions on whether a participant smoked in the past 30 days and the lifetime number of cigarettes smoked to create categories of never, current, and former smoking. We estimated minutes of moderate and vigorous exercise from walking, conditioning, and leisure-time activities based on participant's assessment of the time and frequency spent on activities during a typical week in the past month (Ainsworth et al., 1999; Bertoni et al., 2009 ).
We estimated five components of healthy diet using a 120-item food frequency questionnaire (Block et al., 1990) , including high intake of healthy foods (fruits and vegetables; fish; whole grains) and low intake of unhealthy foods/nutrients (sugar sweetened beverages; sodium) similar to prior studies (Lloyd-Jones et al., 2010; Rasmussen-Torvik et al., 2013) . We also created three summary measures of ideal CVH as the sum of each individual component score for health behaviors, health factors, and overall cardiovascular health. For the overall CVH measure, which ranged in value between 0 and 14, we created three categories based on the distribution of the data: poor (score of 0-8); intermediate (score of 9-10); and ideal (score of 11-14). In analyses we consider the 7 indicators of ideal CVH and 3 summary measures as dichotomous variables (1=ideal; 0=intermediate/poor).
Key covariates of interest
Neighborhood-level covariates
Neighborhoods were defined as census tracts based on previous work indicating good agreement across individuals residing within the same tract in relation to our neighborhood characteristics of interest (Mujahid et al., 2007) . Three neighborhood-level socioeconomic indicators were derived from the 2000 U.S. Census based on methods previously described (Mujahid et al., 2008) . The indicators combine 16 variables representing the dimensions of family structure, area crowding, residential stability, education, employment, occupation, and income/wealth) based on a principle components analysis with varimax orthogonal rotation to reduce the potential for multicollinearity in analytic models. The three factors account for 70% of the total variance.
We calculated two physical environment indicators to represent physical activity and healthy food environment. Using data from the National Establishment Time Series Data (NETS) (Walls & Associates, 2012) , we calculated kernel densities of all indoor and outdoor recreational facilities (excluding parks) around MESA participants' home addresses at baseline year of enrollment. Facilities were defined using established Standardized Industrial Codes (SIC) based on prior work (Gordon-Larsen et al., 2006; Powell et al., 2007) . We supplemented kernel densities with resident reports of the physical activity environment. MESA participants and an informant sample of non-MESA area residents were asked four items on whether or not their neighborhood (defined as the area within about a 20 min walk or 1 mile from the home) was conducive to physical activity (Echeverria et al., 2004; Mujahid et al., 2007) . We averaged across these items to create an overall score (Cronbach's alpha=0.65). The kernel density and survey measure of physical activity environment were each standardized and aggregated to create an overall physical activity indicator for which higher scores represent a better physical activity environment. We used a similar process to create an overall indicator of neighborhood healthy foods (Auchincloss et al., 2012) . Neighborhood social environment was characterized using survey items assessing neighbor-hood aesthetic quality (n=3 items), safety (n=2 items), and social cohesion (n=4 items). These items were shown to have good measurement properties based on prior work (Cronbach's alpha=0.86) (Mujahid et al., 2011 (Mujahid et al., , 2008 . We created an overall measure by aggregating responses across these items and empirical Bayes estimation techniques as previously described (Mujahid et al., 2008) .
Individual-level covariates
All additional study covariates were collected during the baseline questionnaire (2000) (2001) (2002) . Self-reported race/ethnicity was categorized as white, non-Hispanic, black, non-Hispanic, Hispanic. Chinese were excluded due to limited sample size and limited geographic coverage across study sites. Additional covariates obtained from the study questionnaire included study site, age (continuous), sex (male, female), education (less than a high school diploma; high school diploma; some college; college graduate and beyond), and family income (less than $24,999; $25,000-$49,999; $50,000-$74,999; $75,000 or more).
Analysis plan and methods
All analyses were performed using Stata version 12. In descriptive analyses, we examined bivariate associations between each of the three summary measures of ideal CVH and study covariates. To examine the contribution of neighborhood context to racial/ethnic differences in CVH, we contrasted race coefficients in a neighborhood unadjusted logistic model (Model 1 below) to race coefficients from a series of models (models 2-4 below) that adjusted for neighborhood context in various ways Schempf and Kaufman, 2012) .
Model 1: Neighborhood unadjusted
Where logit(Y i ) is the log odds of person i having ideal levels of the cardiovascular health, β 1, and β 2 are coefficients on binary indicator variables for black and Hispanic race/ethnicity respectively, and β k are the coefficients for the X ki s, a vector of individual-level covariates. In this model, we estimated racial/ethnic differences in ideal cardiovascular health, independent of only individual-level confounders (study site, gender, race/ethnicity, age, education, income). There is no adjustment for neighborhood-level factors and thus, we refer to this model as a neighborhood unadjusted model. Because neighborhoodlevel factors were unaccounted for in these models, it is considered a naïve model representing initial estimates of black-white differences in ideal cardiovascular health when neighborhood context is not taken into account.
Where, logit(Y ij ) is the log odds of the i th person in the j th neighborhood having ideal levels of cardiovascular health, β 0 , β 1, β 2 , β k , and X kij have the same specifications as Model 1, and γ l is a vector of n-1 coefficients, each corresponding to an indicator variable for each of the n-1 neighborhoods (Neighborhood ij =1 if person i lives in the j th neighborhood, and is 0 otherwise). In this model we estimated racial/ ethnic differences in the odds of ideal cardiovascular health, adjusted for individual-level covariates. This model is often considered the gold standard for accounting for group-level factors as it provides a summary of all measured and unmeasured group-level covariates. By controlling for all known and unknown characteristics of neighborhood environments, estimates of racial/ethnic differences represent the "weighted" average of within-neighborhood race/ethnic differences. However, there are also several limitations that warrant mention. First, this approach requires sufficient within-neighborhood sample size to ensure variation in study outcomes. For example, any neighborhood that does not have at least one participant with ideal levels of CVH and at least one participant without ideal levels of CVH is dropped from this analysis. This limitation is of particular concern given the levels of racial residential segregation that exists within the U.S. (Williams and Collins, 2001) . A second limitation is when using this approach, one cannot estimate the specific features of neighborhoods that may account for reductions in racial/ethnic differences: the model represents all of the neighborhood features, both measured and unmeasured, by an indicator variable. As a result of this, there is also no way to examine potential interactions between neighborhood-level factors and other individual-level factors. A final limitation is the potential loss of statistical efficiency due to loss in degrees of freedom when there are a large number of clusters or limited within-cluster variation (Schempf and Kaufman, 2012) .
Where logit(Y ij ) is the log odds of ideal cardiovascular health for the i th person in the j th neighborhood, β 0j is the intercept for each neighborhood j, β 1 and β 2 are coefficients on indicator variables for black and Hispanic race/ethnicity for the i th person in the j th neighborhood, β k are coefficients on X kij , a vector of individual-level covariates, and γ l are coefficients on W lj , a vector of neighborhood-level covariates (neighborhood physical, social, and socioeconomic indicators). The intercept β 0j , is modeled as a random variable for each neighborhood j, where γ 00 is the average log odds of ideal cardiovascular health averaged across all neighborhoods and µ 0j is the deviation from the average log odds of ideal cardiovascular health for each neighborhood j and is assumed to have a normal distribution. The random effects or multi-level model has a number of benefits. Primarily, the ability to adjust for neighborhood and individual level variables allows for an assessment of both individual and neighborhood level variation in the data. Also, the ability to evaluate whether racial disparities in ideal cardiovascular health vary across neighborhoods provides an opportunity to investigate cross-level interactions. However, a limitation of this approach is that it assumes that the exposure, in this case race/ ethnicity, is not conditionally correlated with the neighborhood random effects (Schempf and Kaufman, 2012) . This is an assumption that is difficult to empirically evaluate, but theoretically easy to violate given the degree of racial residential segregation in the U.S. Model 4: Hybrid Fixed Effects (cluster mean adjustment)
Where logit(Y ij ) is the log odds of ideal cardiovascular health for the i th person in the j th neighborhood, β 0j is the intercept for each neighborhood j, β 1 and β 2 are coefficients on indicator variables for black and Hispanic race/ethnicity for the i th person in the j th neighborhood, β k are coefficients on X kij , a vector of individual-level covariates, and γ l are coefficients on W lj , a vector of neighborhood-level covariates (neighborhood physical, social, and socioeconomic indicators). The intercept β 0j , is modeled as a random variable for each neighborhood j and is a function of the proportion of each racial/ethnic group in that specific neighborhood. Here, γ 00 is the average log odds of ideal cardiovascular health averaged across all neighborhoods, BLACKj and HISPANICj are the proportion of people in the j th neighborhood who are black or Hispanic respectively, β b1 -β w1 is the difference between the between-neighborhood association and within-neighborhood association between the proportion black in a given neighborhood j and the neighborhood-specific intercept, and µ 0j is an error term for each neighborhood j and is assumed to have a normal distribution with variance τ 0 2 . Using a hybrid fixed effects model allows for a slightly different interpretation of coefficients in the logistic regression model because it accounts for between-neighborhood variation in race/ethnicity that contributes to neighborhood-level confounding. Here, the estimated coefficients on the race/ethnicity variables, β w1 and β w2 can be interpreted as the difference in ideal CVH between black and white (or Hispanic and white) people, holding the distribution of race/ ethnicity (proportion black and proportion Hispanic) in the neighborhood constant (and holding the individual (X k )-and neighborhood (W l )-level confounders constant). Hybrid fixed effects models combine the strengths of the fixed effects and random effects models. The benefit from FE of being able to calculate marginal effects transfers to this model, but here we are able to make that estimate without ignoring all between-neighborhood variation, which is an advantage of using a RE model (Desai and Begg, 2008; Rabe-Hesketh and Skrondal, 2008; Schempf and Kaufman, 2012) .
For all aforementioned models, we examined correlations among neighborhood features and assessed multicollinearity. There were modest to strong correlations between neighborhood indicators. The strongest correlations were for social environment and socioeconomic environment (r=−0.78), physical activity and food environment (r=0.73), and physical activity and socioeconomic environment (r=−0.65). However, after assessing the variance inflation factors (all values less than 5) and tolerance (all values greater than 0.10) no violations of multicollinearity were found. For ease of interpretation and a useful way of comparing changes in model estimates of race/ ethnic differences in ideal CVH across our models, we calculated the largest percent reduction as the change in estimates between Model 1, the model unadjusted for neighborhoods, compared to whichever Model 2-4 that resulted in the largest decrease in estimate based on the formula below where β u is the estimate from Model 1, and β* is the estimate from one of Models 2-4.
Results
Among the 6191 MESA Neighborhood participants that provided consent to participate in the MESA Neighborhood Study, we excluded 728 Chinese participants for whom sample sizes were too small to examine neighborhood context. Additional exclusions included address errors (N=133) and missing information on study covariates (N=67) for a final analytic sample of N=5,263 representing 1033 neighborhoods with an average of 5 study participants per neighborhood (range 1-250). Among this analytic sample, the mean age was 62.0 (SD=10.1), 52.7% were female, 34.3% had less than a high school education, and 26.3% had a family income of less than $25,000 per year. Ideal cardiovascular health, experienced by 4.1% of our analytic sample, varied by age, education, income, study site, and all neighborhood measures (excluding one of three neighborhood SES factor scores). The prevalence of ideal CVH decreased with age and was highest among those with the highest levels of education and family income (at least a college bachelor's degree/earning ≥$75,000). As seen in previous studies (Unger et al., 2014) , ideal CVH increases with 
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increasing neighborhood physical, social, and socioeconomic environments (Table 2) . Fig. 1 shows racial/ethnic differences in ideal cardiovascular health indicators. Significant differences were present for all components and summary measures (all p's≤0.01). Blacks had the lowest prevalence of ideal blood pressure and smoking, but highest prevalence of ideal cholesterol. Hispanics had the lowest prevalence of ideal BMI, glucose, physical activity, and diet. Blacks had the lowest prevalence of all summary measures (ideal health factors, health behaviors, and overall cardiovascular health). Table 3 shows the odds ratios in ideal cardiovascular health factors comparing blacks and whites and Hispanics and whites. In initial models, the one-level logistic regression models, blacks as compared to whites were less likely to have ideal blood pressure (OR=0.510, 95% C.I.: 0.438-0.594) and fasting blood glucose (OR=0.581, 95% C.I.: 0.502, 0.673), independent of age, study site, gender, education, and family income. Adjustment for neighborhood-level factors resulted in a 21.45% and 16.2% reduction in black-white differences respectively. Similar patterns were documented in Hispanic-white differences in blood pressure (OR=0.600, 95% C.I.: 0.498, 0.724) and fasting blood glucose (OR=0.542, 95% C.I.: 0.450, 0.652) with 10.5% and 26.0% reductions. For cholesterol, blacks (OR=1.236; 95% C.I. 1.066-1.419) had a higher odds of ideal cholesterol levels compared to whites, independent of age, study site, gender, education, and family income. There were no significant Hispanic-white differences in ideal cholesterol.
Racial/ethnic differences in ideal cardiovascular health behaviors are presented in Table 4 . Blacks (OR=0.401, 95% C.I. 0.339-0.475) and Hispanics (OR=0.417, 95% C.I. 0.324-0.520) were less likely to have ideal levels of BMI compared to whites and ideal levels of diet (OR=0.446 for blacks; OR=0.349 for Hispanics), independent of gender, age, education, income, and study site. Adjustment for neighborhood context resulted in minimal reductions in estimates for BMI (largest percent reduction: 2.3% reduction for blacks; 13.2% reduction in whites). Blacks were also less likely to have ideal smoking levels as compared to whites, independent of individual-level covariates (OR=0.713, 95% C.I.: 0.584, 0.872) and differences were reduced after adjusting for neighborhood context (largest percent reduction 31.4%). Alternatively, Hispanics were more likely to have ideal levels of smoking compared to whites, independent of individual-level covariates. There were no significant racial/ethnic differences in physical activity, independent of individual-level variables.
In examining racial/ethnic differences in three cardiovascular summary measures, significant black-white differences and Hispanicwhite differences were present for all measures (Table 5) In comparing the methods of adjusting for neighborhood context across models: fixed effect, random effects, and hybrid fixed effects models, the largest percent reduction was most consistently found with the hybrid fixed effect approach. The fixed effects model appears to be the least stable as some estimates of racial/ethnic differences were increased instead of decreased after adjustment for neighborhood-level factors. However, given the relatively modest differences in estimates across the three modeling approaches, our results were robust.
Discussion
In a multi-ethnic cohort of middle-aged adults, we found significant black-white and Hispanic-white differences for all ideal health factors (blood pressure, cholesterol, and glucose), three of four ideal health behaviors (diet, body mass index, and smoking) and all ideal CVH summary measures (health factors, health behaviors, and overall ideal cardiovascular health), independent of sociodemographic characteristics. Adjustment for neighborhood context slightly reduced racial/ ethnic differences, but differences remained statistically significant. Percent reductions in racial/ethnic differences ranged from 2.3% to 31.4%.
To our knowledge, we are the first study to examine the contribution of neighborhood environments to racial/ethnic disparities in a comprehensive set of CVD risk factors. There have been a few studies that examine neighborhood context in relation to racial/ethnic differences in specific CVD risk factors. For example, Morenoff et al. , found that black-white differences in hypertension were reduced by 100% and no longer statistically significant after controlling for neighborhood factors using fixed effects and random effects modeling approaches. Mujahid et al. (Mujahid et al., 2011) , used MESA data (based on a subset of participants within 3 of 6 sites) to document an age and sex adjusted higher prevalence of hypertension in blacks and Hispanics compared to whites, and a 43% reduction after adjustment for neighborhood social environment indicators (neighborhood social cohesion, social disorder, and safety). In our analyses, we only found 21% reductions in black-white differences in blood pressure and 11% reductions in Hispanic-white differences and significant racial/ethnic differences in our study outcomes remained after adjustment for neighborhood context. Aside from a handful of studies that have examined the contribution of neighborhood context to racial/ ethnic differences in obesity (Nicholson and Browning, 2012) and fruit and vegetable intake (Dubowitz et al., 2008a) , this area remains underinvestigated. Results across these different studies are not directly comparable due to differences in study population characteristics and differences in covariate adjustments. However, the range of reductions in racial/ethnic differences across studies should spur continued investigation into the effects of neighborhoods on racial/ethnic disparities in CVH.
In this study, we also examined whether reductions in racial/ethnic differences in ideal cardiovascular health indicators were robust across three modeling approaches. We compared results of fixed effects, random effects, and hybrid fixed effects models and found that the largest percent reduction was observed most consistently from the hybrid fixed effects approach. The fixed effects model, often considered the gold standard as the most conservative approach, adjusts for all measured and unmeasured neighborhood characteristics related to the study outcomes. However, this approach does not allow one to consider specific neighborhood characteristics that may contribute to the racial/ ethnic differences. In our analyses, the fixed effects approach often led to very mild decreases or slight increases in racial/ethnic differences across study outcomes. As an example, blacks had a 60% lower odds of ideal BMI compared to whites in initial models unadjusted for neighborhood context (OR=0.401; 95% C.I. 0.339-0.475) and these differences increased using fixed effects adjustments (OR=0.363, 95% C.I. 0.276-0.478). Our ability to maximize the fixed effects modeling approach may have been compromised by having a limited number of individuals within neighborhoods and retaining only neighborhoods with at least two of the three racial/ethnic groups being compared in analyses. For example, we lost over half of our analytic sample in analyses of overall ideal CVH as there was not at least one white and either black or Hispanic participant with ideal levels of CVH in many neighborhoods. Alternatively, the random effects and hybrid fixed effects model allows for adjustment of neighborhood factors and inclusion of six neighborhood characteristics across socioeconomic, physical and social environments. These models produced larger reductions in racial/ethnic differences particularly in the case of the hybrid fixed effects models. However, reductions were still modest as none of these models fully attenuated results or reduced racial/ethnic differences to being non-statistically significant. Moreover, both the random and hybrid effects approaches have limitations. The random effects model assumes that race/ethnicity is conditionally uncorrelated with the neighborhood random effects, an assumption difficult to verify. Future research is necessary to compare these models and to identify the ideal circumstances to increase the performance of each model.
Strengths of this study include the use of the MESA study, which provides a racially and ethnically diverse set of individuals and information on a rich set of cardiovascular health indicators and indicators of neighborhood physical, social, and socioeconomic environments to allow for investigations of our research question. However, a few limitations of our study warrant consideration. First, although we had a multi-ethnic cohort, not all racial/ethnic groups are represented across study sites. White participants were the only group recruited across all study sites. Blacks were recruited from all sites except St. Paul, MN, and Hispanics were recruited from 3 of 6 sites, (New York, NY; Los Angeles CA; St. Paul, MN). Moreover, we had to exclude Chinese Americans from analyses due to limited sample sizes. Limited diversity across sites and the fact that MESA participants are free from CVD at baseline means that we may have an underestimate of the underlying racial/ethnic differences in the target populations. There are also several limitations in relation to the neighborhoodlevel component of our study. Although we included a comprehensive set of neighborhood physical, social, and socioeconomic indicators, we defined neighborhoods as census tracts, and there is debate as to whether these geographic boundaries represent meaningful areas for residents or represent the relevant spatial scale for which processes related to neighborhoods conditions affect various health outcomes (Diez Roux, 2001; Diez Roux and Mair, 2010) . Census tracts also vary substantially in spatial size depending on the population density of an area and more dense urban areas (e.g. New York, NY study site) will have smaller census tracts than less dense rural areas (e.g. Forsyth County, NC study site). Future work should consider whether associations vary by study site and whether results are robust to various specifications of neighborhood boundaries. Future work should also consider approaches to capture real-time place-based exposures as individuals move through space and time as well as the multiple spatial contexts individuals experience where they live, work, and play (Kestens et al., 2012; Moore et al., 2013; Zenk et al., 2011) .
In this study, we used a variety of measurement tools to capture neighborhood environments including surveys of area residents, and linkages to geospatially referenced databases. Although we had an average of 5 respondents per neighborhood, the range was highly variable and some neighborhoods only included 1 individual. This may have led to bias in our survey-based responses as the reliability of aggregate neighborhood measures is sensitive to the within neighborhood sample size (Mujahid et al., 2007) .
In our analyses we compared three statistical modeling approaches to account for neighborhood context, although the estimates across these models are not directly comparable given the assumptions underlying each model. We reported odds ratios to try to improve comparisons across models and to better facilitate comparisons of our study findings to other previous studies. However, odds ratios provide an overestimate of racial/ethnic differences among the highly prevalent components of the ideal cardiovascular health metric (all health factors and health behaviors with the exception of diet). There may also be other analytic approaches such as marginal structural models, that better account for residential selection especially within the context of a longitudinal study design. Also, controlling for context at the design phase of the study may be a better approach to balance residential selection characteristics of study participants. For example, LaVeist and colleagues explored black-white health differences in the Exploring Health Disparities in Integrated Communities Study (EHDIC), which identified communities in the U.S. that are integrated (having at least 35% blacks and 35% whites living in the census tract), and have comparable socioeconomic status across racial groups (LaVeist et al., 2008) . Using a nationally representative data source, they found blacks had higher odds of hypertension as compared to whites, independent of age, gender, marital status, household income, and education level (OR=2.07, 95% C.I. 1.79, 2.40). However, these differences were less pronounced in the integrated communities with the same covariate adjustment (OR=1.45, 95% C.I. 1.12, 1.88; 30% reduction in blackwhite difference). Similar findings were documented in relation to diabetes and obesity among women.
Racial/ethnic differences in health remain alarming and may result from more than just differences in individual factors. We show that above and beyond individual-level sociodemographic factors, neighborhood context may also contribute to these disparities. Healthy People 2020 emphasizes the importance of creating physical and social environments conducive to healthy lifestyles as having the greatest potential to improve the health of the nation. Our study findings underscore the importance of this overarching goal for racial/ethnic minorities. Future research using longitudinal and life-course study designs is necessary to accurately capture the cumulative burden of living in physically, socially, and economically disadvantaged neighborhoods on racial/ethnic disparities over the lifespan.
